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第 1章 序論 
 本研究の背景と目的について述べる．不均一触媒反応に対する X線内殻分光法による
その場測定について，これまでの到達点と課題について概説する． 
第 2章 実験手法の原理 
 本研究で用いる実験手法(XAFS，X線光電子分光(XPS)等)について，それぞれの原理
と特徴を説明する． 




定用 PEFC セルを開発し，Nafion のスルホン酸基の振る舞いをその場観察した．硫黄
K 端 XAFS から、湿度による Nafion の持つスルホン酸基へのプロトンの吸脱着の情報
が得られることを明らかにした．また，スルホン酸が分解して原子状硫黄が白金触媒に
吸着するという新たな劣化過程を見出した． 
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Thesis Summary 
Heterogeneous catalysts are supporting our society in various aspects such as production of 
chemicals and cleaning of exhaust gases. Although in situ measurements for catalysts using 
x-ray core-revel spectroscopy have revealed chemical behavior of the catalysts consisting of 
heavy elements like metals under reaction conditions, reactants and catalytic materials that 
consist of light elements remain mostly unclear. Therefore, I developed in-situ measurement 
systems of x-ray absorption fine structure (XAFS) using soft x rays which are highly sensitive to 
light elements. I applied these systems to observations of the polymer electrolyte fuel cell 
(PEFC) reaction and the epoxidation reaction of ethylene on silver catalysts and demonstrated 
that the systems are quite useful for the understanding of their microscopic behavior. This 
thesis consists of the following five chapters. 
 
Chapter 1: General Introduction 
   The background and the aim of this research are described. In situ measurements by x-ray 
core-revel spectroscopies for heterogeneous catalysis are reviewed from viewpoints of 
achievements and agendas in the past years. 
Chapter 2: Research Methods 
   The principles and features of each experimental method (XAFS, X-ray photoelectron 
spectroscopy (XPS), etc.) used in this thesis are explained. 
Chapter 3: In situ measurement of polymer electrolyte fuel cell and study on decomposition of Nafion 
   The polymer electrolyte fuel cell (PEFC) is composed of a platinum particle catalyst and a 
polymer electrolyte Nafion. In situ XAFS measurements for platinum particles have been 
extensively performed, while those for Nafion have hardly been conducted. Therefore, I 
developed a model PEFC cell for soft x-ray XAFS measurements and observed the PEFC paying 
attention to the behavior of sulfonic acid groups of Nafion. From the sulfur K-edge XAFS 
spectra, it is clarified that information on adsorption and desorption of protons at the sulfonic 
acid groups depending on humidity can be obtained. I also found a new degradation process in 
which the sulfonic acid decomposes into atomic sulfur adsorbed on the platinum catalyst. 
Chapter 4: Study on oxygen-containing species on Ag(111) single crystal model catalyst under 
ethylene epoxidation reaction conditions 
   Ethylene oxide is synthesized via epoxidation of ethylene by oxygen and used as an 
intermediate material for various chemical products. However, the epoxidation reaction 
mechanism on the silver catalysts is still an issue, though they have been industrially used for a 
hundred years. Recently, the reactive species have been proposed to be adsorbed covalent 
molecules rather than atomic oxygen, surface oxide, etc. Therefore, I developed an Auger 
electron yield XAFS measurement system and applied it together with XPS to a study on oxygen 
species formed on Ag(111) model catalyst surfaces under reaction conditions. As a result, it was 
clarified that a carbonate species, which has been regarded to disappear under reaction 
conditions, readily exists on the Ag surfaces with a surface-parallel orientation. 
Chapter 5: Conclusion and future prospects 
   The findings obtained in this work are summarized and future prospects for elucidating the 
catalytic mechanisms are described. 
